One challenge of todays research on particle systems is the realistic simulation of granular materials consisting of many thousands of particles with peculiar contact interactions. In this study, molecular dynamics (MD, also called discrete element method, DEM) is introduced for the simulation of many-particle systems. A wide class of realistic contact models is presented, involving dissipation, adhesion, plastic deformation, friction, rolling-and torsion resistance. The effect of the contact properties on a simple compaction test is discussed with the goal to achieve as small as possible packing densities. With contact forces only, packing volume fractions down to 0.42 can be achieved, while somewhat longer ranged adhesion forces allow for volume fractions as low as 0.34.
Introduction
Molecular Dynamics (MD) or Discrete Element Models (DEM) are solving the equations of motion for all particles in a system, where the contact forces are the only physical laws that have to be defined beforehand. A straightforward approach towards the understanding of the macroscopic material behavior of fine granular materials like powders, by just modeling and simulating all particles in a big system, is not possible due to the huge number of particles typically involved. Therefore, one has to reduce the size of the system under consideration, so that a microscopic simulation of all particles becomes feasible. The goal is to understand the macroscopic flow behavior from such small scale models -both from simulations and from experiment -and to provide (macroscopic) constitutive relations for standard tools like the finite-element method (FEM) suited to deal with large-scale systems. Tools to perform a so-called micro-macro transition are developed [1], and the goal is to relate the macroscopic flow behavior to the microscopic contact properties.
For powders, as an example, the particle properties and interaction laws are inserted into a discrete particle molecular dynamics and lead to the collective behavior of the dissipative, frictional, adhesive many-particle system. From the particle simulation, one can extract, e.g., the coordination number or the pressure of the system as a function of density. In the following, normal and tangential interactions, like adhesion, plastic contact deformation, friction, rolling-and torsion resistance are discussed for spherical model particles. Examples of a compression test are presented for which the previously defined contact model parameters are varied.
The Soft Particle Molecular Dynamics Method
Particle simulations like MD or DEM [1, 2, 3, 4, 5, 6, 7] can complement experiments on small "representative volume elements" (REV). Alternative methods like contact dynamics (CD) or cell-and lattice gas-methods are not discussed here.
Discrete Particle Model
The elementary units of granular materials are mesoscopic grains, which deform under stress. Since the realistic modeling of the deformations of the particles is much too complicated, we relate the interaction force to the overlap δ of two particles, see Fig. 1 . In tangential direction, some forces also depend on the tangential displacement since the beginning of the contact, like it is the case for torques, e.g., due to friction or rolling resistance. Note that the evaluation of the inter-particle forces based on the overlap may not be sufficient to account for the inhomogeneous stress distribution inside the particles and possible multi-contact effects. Consequently, the results presented here are of the same quality as the simplifying assumptions about the force-overlap relations made.
Equations of Motion
If all forces nf i acting on the particle i, either from other particles, from boundaries or from external forces, are known, the problem is reduced to the integration of Newton's equations of motion for the translational and rotational degrees of freedom:
with the mass m i of particle i, its position nr i the total force nf i = c nf c i acting on it due to contacts with other particles or with the walls, the acceleration due to volume forces like gravity ng, the spherical particles moment of inertia I i , its angular velocity nω i = dnϕ i /dt and the total torque nq i . The equations of motion are thus a system of D + D(D − 1)/2 coupled ordinary differential equations to be solved in D dimensions, with D = 2 or
